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[57] ABSTRACT

The invention relates to the enzyme S-tetrahydro-
protoberberineoxidase, which oxidizes selectively S-tet-
rahydroprotoberberines and S-1-benzyl-1,2,3,4-tetrahy-
droisoquinoline in the presence of oxygen, resulting in
the corresponding protoberberines and 1-benzyl-3,4-
dihydroisoquinolines. The invention also relates to a
process of preparing S-tetrahydroprotoberberineoxi-
dase by extraction from certain plant materials. The
oxidation products of several compounds find use in the
pharmaceutical industries.

19 Claims, No Drawings
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S-TETRAHYDROPROTOBERBERINEOXIDASE
PROCESS FOR PRODUCING THE SAME AND USE
THEREOF

The present invention relates to a catalytically active
protein. More particularly, it relates to a protein whose
catalytic action derives from the oxidation, in the pres-
ence of oxygen, of compounds selected from the group
consisting of S-tetrahydroprotoberberine and S-1-ben-
zyl-1,2,3,4-teterahydroisoquinolines, with formation of
the corresponding protoberberines or the correspond-
ing 1-benzyl-3,4-dihydroisoquinolines, respectively, and
hydrogen peroxide.

In particular, the present invention relates to S-tet-

2

with molecular size. For further processing, that part of
the eluate from the gel filtration is used which contains

- the proteins of a molecular weight > 70,000. The fur-
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rahydroprotoberberineoxidase. This enzyme is charac-

terized by the following parameters:

Molar weight: 100,000+£10%, determined by gel filtra-
tion

Isoelectric point: 5.7

Temperature optimum: 40° C.

pH optimum: 8.9 |

- Kasvalue for R,S-corypalmine at 40° C. and pH 8.9, 1.3
uMoles

Intensity maximum of the ﬂuorescense-erruss1on spec-
trum 520 nm at an excitation wavelength of 450 nm.

Complete and reversible mhlbltlon in the presence of
acetylacetone or morin

Prosthetic group flavin

S-tetrahydroprotoberberineoxidase can be obtained
by extraction from plant materials which are selected
from the families of Papaveraceae, Berberidaceae,
- Menispermaceae, Annonaceae and Ranunculaceae.

- Examples of suitable plant material from the family of
the Papaveraceae are the genus of, e.g., Argemone,
Papaver, and Eschscholtzia. Specific examples are, e.g.,
Argemone platyceras and Eschscholtzia californica.

An example of plant materials from the family Ber-
beridaceae 1s the genus Berberis. Specific examples are:
Berberis bedniana, Berberis stolonifera, Berberis aristata
and Berberis wilsoniae var. subcaulialata. A special ex-
ample from the family Menispermaceae is Cissampelus
mucronata and from the family Ranunculaceae, Thalic-
trum glaucum. From the family Annonaceae, an exam-
ple 1s Annona reticulata.

The plant material used 1s preferably from cell cul-
tures, but plants themselves or parts of plants may be
processed, e.g., roots are useful for obtaining the en-
zZyme. |

The extraction of the plant material is performed by
the same methods previously used for extracting en-
zymes from plants. As a general rule, the process is
carried out by first destroying the structure of the cells
or of the cell cultures, respectively. For that purpose,
the plant material is preferably frozen, e.g., at the tem-
perature of liquid nitrogen, comminuted (if desired) and
finally dissolved in an aqueous preparation of pH 6-10.
Preferably, a buffer solution, e.g., phosphate buffers,
‘adapted to the aforementioned pH range, is used as the
aqueous preparation. If necessary, separation of un-
changed materials takes place followed by protein pre-
cipitation which occurs by the addition of an electrolyte
(especially ammonium sulfate). The precipitated prote-
ins are subsequently dissolved in an aqueous buffer
solution (pH 6-10) and subjected to a gel filtration. By
the gel filtration there occurs, on the one hand, an elimi-
nation of salt, while on the other hand, a separation of
the protein mixture present, achieved in accordance
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ther cleaning steps comprise the subsequent chromato-
graphic separation of the protein mixture with ion-
echangers (e.g., diethylaminoethylcellulose) followed
by elution with potassium chloride solutions of varying
concentration. The selection of the eluate is always
made according to controls of enzymatic activity. If
desired, other or additional methods of separation may
be used, e.g., electrophoresis, and the like.

The above-described processing operations are car-
ried out in aqueous systems, particularly in buffer solu-
tions having a pH of 6-10, especially 7-9, at tempera-
tures from 4° C. to 15° C.

According to the invention, aqueous or frozen-dried
preparations are obtained which have an enzymatic
activity corresponding to their content of S-tetrahydro-
protoberberineoxidase. The invention therefore relates
to enzymatically active preparations containing S-tet-
rahydroprotoberbenneomdase

Frequently, it is advantageous to apply the enzyme of
the invention in an immobilized state. For that purpose,
the enzyme is adsorbed physically or chemically on
carrier materials in a manner known, per se. Carrier
materials are, e.g., alginates, agaroses with functional
groups, cellulose, polyacrylic resins (with e.g., oxirane
groups) glasses and silicates.

The enzyme according to the invention catalyzes the
oxidation of S-tetrahydroprotoberberine or, respec-
tively, S-1-benzyl-1,2,3,4-tetrahydroisoquinoline in the
presence of oxygen, whereby the corresponding proto-
berberines and, respectively, the 1-benzyl-3,4-dihy-
droisoquinolines are obtained.

The invention therefore further relates to a process

for the enzymatic oxidation of compounds of the for-
mula

with S-configuration, wherein

Ri, R3, Rs5, Rg and R7 are independently selected from
the group consisting of, hydrogen atom, hydroxy-,
alkyl- and alkoxy groups;

Ri1+Rj, as well as, R54+R¢ may form a dioxaalkylene
ring with 1 to 2 methylene groups;

R3is hydrogen or an —OH group;

R4 stands for hydrogen;

Rg represents hydrogen and an alkyl group with 1-3

carbon atoms, and optionally,

R4+ Rg may form a methylene bridge and wherein the
oxidation occurs in the presence of S-tetrahydro-
protoberberineoxidase Rj, Ra, Rsand R, preferably,
may Independently represent hydrogen atom or
~-OH, methyl, ethyl, methoxy or ethoxy groups. Rg
1s preferably hydrogen or a methyl group.
Examples of compounds to be oxidized are, e.g., co-

rypalmine, corydalmine, stylopine, isocorypalmine,
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coramine, stepholidine, discretamine, corytenchirine,
capaurimine, reticuline, norreticuline, tetrahy-
dropapaverine, N-methyltetrahydropapaverine, orien-
taline, isoorientaline, norisoorientaline, nororientaline,
protosinomenine, norprotosinomenine, canadine, tetra-
hydropalmatine, scoulerine, coreximine, coclaurine,
N-methylcoclaurine,
1-benzyl-1,2,3,4-tetrahydroisoquinoline
1-benzyl-6-hydroxy-1,2,3,4-tetrahydroisoquinoline
I-benzyl-6-methoxy-1,2,3,4-tetrahydroisoquinoline
1-benzyl-7-hydroxy-1,2,3,4-tetrahydroisoquinoline
1-benzyl-7-methoxy-1,2,3,4-tetrahydroisoquinoline
1-(3'-hydroxy-benzyl)-1,2,3,4-tetrahydroisoquinoline
1-(3’-hydroxy-benzyl)-6-hydroxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3'-hydroxy-benzyl)-6-methoxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3'-hydroxy-benzyl)-7-hydroxy-1,2,3,4-tetrahy-
drotsoquinoline
1-(3'-hydroxy-benzyl)-7-methoxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3',4'-dihydroxy-benzyl)-1,2,3,4-tetrahydroisoquino-
line
1-(3',4'-dihydroxy-benzyl)-6-hydroxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3',4’-dihydroxy-benzyl)-6-methoxy-1,2,3,4-tetrahy-
- droisoquinoline |
1-(3',4’-dihydroxy-benzyl-)-7-hydroxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3',4’-dihydroxy-benzyl)-7-methoxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3',5'-dihydroxy-benzyl)-6-hydroxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3',5'-dihydroxy-benzyl)-6-methoxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3%,5'-dihydroxy-benzyl)-7-hydroxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3',5'-dihydroxy-benzyl)-7-methoxy-1,2,3,4-tetrahy-
droisoquinoline

1-(3',4'-dimethoxy-benzyl)-1,2,3,4-tetrahydroisoquino-

line
1-(3',4'-dimethoxy-benzyD)-6-hydroxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3',4"-dimethoxy-benzyl)-7-hydroxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3',4'-dimethoxy-benzyl)-6-methoxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3',4'-dimethoxy-benzyl)-7-methoxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3’-methoxy-4'-hydroxy-benzyl)-1,2,3,4-tetrahy-
droisoquinoline
1-(3'-methoxy-4'-hydroxy-benzyl)-6-hydroxy-1,2,3,4-
tetrahydroisoquinoline
1-(3'-methoxy-4'-hydroxy-benzyl)-6-methoxy-1,2,3,4-
tetrahydroisoquinoline
- 1<(3’-methoxy-4'-hydroxy-benzyl)-7-hydroxy-1,2,3,4-
tetrahydroisoquinoline
1-(3’-methoxy-4'-hydroxy-benzyl)-7-methoxy-1,2,3,4-
tetrahydroisoquinoline
1-(3'y5'-dimethoxy-benzyl)-1,2,3,4-tetrahydroisoquino-
line
1-(3',5'-dimethoxy-benzyl)-6-hydroxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3',5'-dimethoxy-benzyl)-7-hydroxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3',5'-dimethoy-benzyl)-6-methoxy-1,2,3,4-tetrahy-
droisoquinoline
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1-(3',5'-dimethoxy-benzyl)-7-methoxy-1,2,3,4-tetrahy-
droisoquinoline
1-(3’-hydroxy-4’-methoxy-benzyl)-1,2,3,4-tetrahy-
droisoquinoline
1-(3’-hydroxy-4'-methoxy-benzyl)-6-hydroxy-1,2,3,4-
tetrahydroisoquinoline
1-(3'-hydroxy-4'-methoxy-benzyl)-7-hydroxy-1,2,3,4-
tetrahydroisoquinoline
1-(3'-hydroxy-4’-methoxy-benzyl)-6-methoxy-1,2,3,4-
tetrahydroisoquinoline
1-(3’-hydroxy-4'-methoxy-benzyl)-7-methoxy-1,2,3,4-
tetrahydroisoquinoline
1-(3'4',5'-trihydroxy-benzyl)-1,2,3,4-tetrahy-
droisoquinoline
1-(3',4',5'-trihydroxy-benzyl)-6-hydroxy-1,2,3,4-tet-
rahydroisoquinoline
1-(3',4',5'-trimethoxy-benzyl)-6-hydroxy-1,2,3,4-tet-
rahydroisoquinoline
1-(3',4,5 -trimethoxy-benzyl)-1,2,3,4-tetrahy-
droisoquinoline
1-(3',4',5'-trimethoxy-benzyl)-6-methoxy-1,2,3,4-tet-
rahydroisoquinoline

The reaction temperatures are 10°~70° C., especially
35°-45° C. The process, according to the invention, is
carried out in the presence of oxygen, particularly in the
presence of air.

The operation is performed, preferably, by adding to
an aqueous preparation of S-tetrahydroprotoberberine
or S-l-benzyl-1,2,3,4-tetrahydroisoguinoline, respec-
tively, having a pH of 610, especially a pH of 8.9,
which may still contain dissolution promoting agents,
e.g., dimethylsulfoxide or methanol and the like, a prep-
aration in which the enzyme is present in immobilized
form, and stirring in the presence of oxygen, preferably
air.

The quantity of enzyme to be added to the substrate,
with respect to the amount of the latter, is not critical.
It is adjusted in accordance with the desired product
conversion. As a rule, per mole of substrate, enzyme
amounts of 1-50 g, especially 15-20 g, are added.

The progress of the reaction is, e.g., photometrically
controlled. With the above-described process, the S-
forms of the tetrahydroprotoberberines or the 1-benzyi-
1,2,3,4-tetrahydroisoquinoline, respectively, are selec-

- tively oxidized. The process is, therefore, suitable for
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the separation of the enantiomer mixtures, or for obtain-
ing the R-form from the S-form. The R-forms are not
attacked thereby. They may be separated by known
methods from the protoberberines or the 1-benzyl-3,4-
dihydroisoquinolines, which are obtained by oxidation
of the S-forms, e.g., by chromatography.

In a modified form of the described process for the

separation of enantiomer mixtures of the tetrahydro-

protoberberines or 1-benzyl-1,2,3,4-tetrahydroisoquino-
lines, respectively, the oxidized species of the S-forms
are again reduced under formation of the R-forms or a
mixture of R/S, respectively, returning back to the
starting compounds. In this manner, an enrichment of
the R-form is obtained. As a reducing agent, e.g., so-
dium boranate may be used.

Preferably, the process for separation of the enantio-
mers or, respectively, the production of the R-form
from the S-form is carried out in a cycle. In that case, it
is advantageous to use the enzyme according to the
invention in immobilized state. Starting from the enan-
tiomer mixture the cycle comprises the following par-
tial steps:
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(a) selective enzymatic oxidation of the S-form while
retaining the R-form of the starting products;

(b) reduction of the oxidized products with recovery of

the R-form or an R/S mixture, respectively: and
(c) return of the R/S mixture to the oxidation step.

By repeating the cycle several times, the R-forms of
the tetrahydroprotoberberine or of the 1-benzyl-1,2,3,4-
tetrahydroisoquinoline, respectively, are obtained.

Of technical interest are the R-forms of some tetrahy-
droprotoberberines, which among other things are used
as starting or intermediate products for the preparation
of physiologically active alkaloids.

By the process for separation of enantiometer mix-
tures according to the invention, it is, e.g., possible to
convert enantiomer mixtures of reticuline or S-reticu-
line, respectively, or enantiomer mixtures of norreticu-

line or S-norreticuline, respectively, into R-reticuline or
R-norreticuline, which are valuable intermediates for
the synthesis of codeine or morphine.

The invention will now be more fully described in a
number of examples, but it should be understood that
these are given by way of illustration and not of limita-
tion.

EXAMPLE 1

Preparation of S-tetrahydroprotoberberineoxidase

200 g of a cell culture of Berberis wilsonae var. sub-

cauhlialata frozen with liquid nitrogen, were stirred for
20 minutes in 440 ml of an aqueous solution of
KHPO4/KH7PO4 buffer solution (50 millimolar,

pH=7.4). The homogeneous cell preparation so formed |

was subsequently filtered and centrifuged. To the super-
natant layer 236 g ammonium sulfate (to the 70% satu-
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EXAMPLE 2

Preparation of immobilized
S-tetrahydroprotoberberineoxidase

6 ml of an enzyme preparation of S-tetrahydro-
protoberberineoxidase in an aqueous buffer solution of
boric acid/sodium borate/HCl (0.1 molar, pH=8.9)
with an enzyme activity of 2.2 nkat/mg and a protein
content of 1.12 mg/ml, were added in 50 ml of 2 5% by
welght aqueous alginate solution while stirring. Subse-
quently, the enzyme-containing alginate solution was
added dropwise to 500 ml of a stirred 0.1 molar aqueous
calcium chloride solution at 5° C.

A ball-shaped product of immobilized enzyme on
calcium alginate was obtained, which was further
washed with boric acid/sodium borate/HCI buffer. The

preparation exhibited an enzyme activity of 0.55
nkat/mg protein.

EXAMPLE 3

Oxidation of R,S-norreticuline to
 1,2-dehydronorreticuline

To an aqueous solution of 100 mg (316 uMoles) R,S-
norreticuline in 100 ml boric acid/sodium borate/HC]
buffer solution (0.1 molar, pH=8.9) were added 10 ml

~of an enzyme preparation of S-tetrahydroprotober-

30

35

ration) were added. The precipitation of protein thus

formed was centrifuged and the centrifuged mass dis-
solved in 20 ml KHPO4+/KH,PQs-buffer solution (50
millimolar, pH="7.4).

- The so-obtained solution was then subjected to a gel
filtration on an ultragel AcA 44-column of the firm

LKB Bromma, Sweden. The fractions of the eluate .

which exhibited enzyme activity (tested by the color
reaction of S-norreticuline to 1,2-dehydronorreticuline)
were collected and admitted to a sepharose separating
column (Matrex Blue A, firm Amicon (Wittew, W-Ger-
many). The unfractioned eluate was then adsorbed on
DEAE-cellulose (i.e., diethylaminoethyl-cellulose) and
extracted with potassium chloride solutions of increas-
ing concentration (from O to 300 mmole K Cl content).

The enzyme-active fractions were collected, concen-
~ trated by ultrafiltration, and freed from salt. The prod-
uct obtained had a specific activity of 2.2 nkat/mg of
protein. The yield was 41.4%.

By discontinuous electrophoresis in polyacrylamide
gel, the product was made homogeneous. The gel sys-
tem used had in the collective gel a pH of 8.3, in the
separating gel a pH value of 9.5 with any acrylamide
content of 7.5% by weight. The pH value in the elec-
trode buffer was 8.3. The parts of separating gel show-
Ing enzymatic activity were finally extracted with 50
millimolar KHPO4/KH,PO4-buffer solution.

Specific enzyme activity 6.2 nkat/mg corresponding
to a 155-fold enrichment compared to the crude extract.
Yield: 25%

435

berineoxidase (2.1 nkat/mg; 0.15 mg protein/ml). The
reaction temperature was 37° C. Stirring was carried
out with the admission of air for 16 hours. The progress
of the reaction was controlled by taking out specimens |
and photometric analysis. After 16 hours, a 100% con-
version of S-norreticuline into 1,2-dehydronorreticuline

was observed. The R-norreticuline remmned un-
changed.

EXAMPLE 4

Oxidation of R,S-corypalmine to jatrorrhizine

To 100 ml aqueous solution of 5 mg (14.7 uMoles)
R,S-corypalmine boric acid/sodium borate/HCI buffer

- (pH=3.9, 0.1 molar), 10 ml of an enzyme preparation of

S-tetrahydroprotoberberineoxidase (2.1 nkat/mg and
0.15 mg protein/ml) were added. The reaction tempera-
ture was 37° C. Stirring was carried out with the admis-
sion of air for 2 hours. The progress of the reaction was

- controlled by taking out specimens and photometric
- analysis.

30
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‘tion (0.1 molar, pH=

After 2 hours, a 100% conversion of S-corypalmine

into jatrorrhizine was observed. The R-corypalmine
remained unchanged.

EXAMPLE S
Conversion of S-norreticuline to R-norreticuline

(a) 50 g S-tetrahydroprotoberberineoxidase immobi-
lized on calcium alginate (in the form of pearls), in a
manner comparable to Example 2, having an enzyme
activity of 0.2 nkat were shaken at a temperature of 30°

C. for 150 hours with the admission of air in a solution

of 30 mg S-norreticuline in 100 ml agueous buffer solu-
8.9) consisting of boric acid/-
sodium borate HCl. By photometric analysis, a com-
plete conversion from S-norreticuline to l 2-dehy-
dronorreticuline was observed.

Subsequently, filtration was carried out and to the
filtrate, 20 mg sodium boranate was added in portions.
The originally yellow solution was immediately decol-
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orized. A 1:1 mixture of S-norreticuline and R-reticu-
line was obtained.

(b) The S/R-norreticuline obtained according to (a)
was brought to a pH=2_8.9 by addition of 0.1M hydro-
chloric acid and subjected to an enzymatic oxidation as

described under (a).
After reduction, a mixture was obtained containing 3
parts of R-norreticuline and 1 part of S-norreticuline.

EXAMPLE 6
Oxidation of R,S-canadine to berberine

The method of Example 4 was repeated with the
difference being that instead of R,S-corypalmaine, 5 g
(14.7 mMole) R,S-canadine were used.

After 2 hours, a 100% conversion of S-canadine to
berberine was observed. The R-canadine remained un-

changed.

EXAMPLE 7

Oxidation of
R,S[1-(3',5'-dihydroxy-benzyl)-6methoxy-1,2,3,4-tet-
rahydroisoquinoline]

The method of Example 3 was repeated with the
difference being that instead of R,S-norreticuline, 100
mg R,S-[1-(3',5'-dihydroxy-benzyl)-6-methoxy-1,2,3,4-
tetrahydroisoquinoline] were used.

After 16 hours, a 100% conversion of S-[1-(3,5'-dihy-
droxy-benzyl)-6-methoxy-1,2,3,4-tetrahydroisoquino-
line] to [1-(3',5'-dihydroxy-benzyl)-6-methoxy-3,4-dihy-
droisoquinoline] was observed. The R-form remained
unchanged. |

While only several embodiments and examples of the
present invention have been described, it is obvious that
many changes and modifications may be made there-
unto, without departing from the spirit and scope of the
invention.

What is claimed is:
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1. The compound s-tetrahydroproberberineoxidase 40

~ having the following parameters:
(a) molar weight: 100,0001-10% as determined by gel
filtration; |
(b) isoelectric point is 5.7;
(c) catalytic activity occurs at 40° C.;
(d) catalytic activity occurs at pH of 6-10;
(e) Ks value for R,S-corypalmine at 40° C. and pH

8.9 is 1.3 uMoles;

() Intensity maximum of the fluorescense-emission
spectrum is 520 nm at an excitation wavelength of

450 nm;

(g) complete and reversible inhibition is exhibited
in the presence of a member selected from the
group consisting of acetylacetone and morin;
and

(h) prosthetic group flavin. -
2. The composition of claim 1, wherein catalytic
activity occurs at pH=8§.9,

3. A method for producing S-tetrahydroprotober- ¢n

berineoxidase having the following parameters:

(a) molar weight: 100,0003-10% as determined by gel
filiration;

(b) isoelectric point 1s 5.7;

(c) catalytic activity occurs at 40° C.;

(d) catalytic activity occurs at pH of 6-10;

(e) Kz value for R,S-corypalmine at 40° C. and pH
8.9 is 1.3 uMoles;
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(f) intensity maximum of the fluoroescense-emission
spectrum is 520 nm at an excitation wavelength of
450 nm;

(g) complete and reversible inhibition is exhibited in
the presence of a member selected from the group
consisting of acetylacetone and morin; and

(h) prosthetic group flavin, comprising the step of
extracting said S-tetrahydroprotoberberineoxidase

from a plant material from a member of a family
selected from the group consisting of Papavera-

ceae, Berberidaceae, Menispermaceae, An-
nonaceae, Ranunculaceae, and a combination
thereof.

4. The method of claim 3, comprising the steps of:

(a) destroying the structure of the cells other cell

cultures of said plant material; and

(b) dissolving the plant material from step (a) in an

aqueous preparation of pH 6-10.

5. The method according to claim 4, wherein said
aqueous preparation is a buffer solution. |
6. The method of claim 4, further comprising the

steps of:

(c) adding an electrolyte to said aqueous preparation

to precipitate proteins;

(d) dissolving said precipitated proteins in an aqueous

buffer solution; and

(e) subjecting said precipitated proteins from step (d)

to a gel filtration, resuiting in the formation of an
eluate, so that separation of unchanged maternals
OCCUrs.

7. The method of claim 6, wherein step (c) occurs by
addition of an ammonium sulfate electrolyte.

8. The method of claim 6, further comprising the step
of separating said precipitated proteins, obtained in step
(e), with 1on-exchangers.

9. The method of claim 6, further comprising the step
of cleaning said eluate obtained in step (e) with potas-
sium chloride solutions of varying concentration.

10. A method for the enzymatic oxidation of a com-
pound of the general formula:

with S-configuration, wherein
Ri, R2 Rs, Rgand Ry are independently elected from
the group consisting of a hydrogen atom and hy-
droxy, alkyl and alkoxy groups;
R3is a member selected from the group consisting of
hydrogen and an —OH group;
- R4 stands for hydrogen; and
Rg stands for a member selected from the group con-
sisting of hydrogen and an alkyl group with 1-3
carbon atoms; comprising the step of treating said
compound with S-tetrahydroproberberineoxidase
having the following parameters:
(a) molar weight: 100,000+10% as determined by
gel filtration;
(b) isoelectric point is 3.7;
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(c) catalytic activity occurs at 40° C.;

(d) cataltyic activity occurs at pH of 6-10:

(e) Kyrvalue for R,S-corypalmine at 40° C. and pH
8.9 1s 1.3 uMoles;

(f) intensity maximum of the fluoroescense-emis-
sion spectrum is 520 nm at an excitation wave-
length of 450 nm;

3

(g) completed and reversible inhibition is exhibited -

in the presence of a member selected from the
- group consisting of acetylacetone and morin;
and
(h) prosthetic group flavin.

11. The method according to claim 10, wherein
R4+ Rg1s a methylene bridge.

12. The method according to claim 10, wherein R;,
R, Rs and R¢ are independently selected from the
group consisting of —OH, methyl, ethyl, methoxy and
ethoxy.

13. The method according to claim 10, wherein
R1-+R3 15 a dioxaalkylene ring with 1 to 2 methylene
groups.

14. The method according to claim 10, wherein
Rs5+Re1s a dioxalkylene with 1 to 2 methylene groups.

135. The method of claim 10, wherein Rg is a member
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selected from the group consisting of a hydrogen atom

and a methyl group. _
16. The method of claim 10, wherein said treating
step comprises the steps of:
adding to an aqueous preparation of a member from
the group consisting of S-tetrahydroprotoberbe-
rine and S-1-benzyl-1,2,3,4-tetrahydroisoquinoline,
a preparation in which S-tetrahydroprotober-
- berineoxidase is present in an 1mmob1hzed form;
and |
stirring said preparation in the presence of oxygen.
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17. The method of claim 16, wherein said stirring step
occurs in the presence of air.

18. The method of claim 16, further comprising the
steps of;

(a) enzymatically oxidizing an enantiomer R,S-mix-
ture of a member selected from the group consist-
ing of tetrahydroprotoberberine and 1-benzyl-
1,2,3,4-tetrahydroisoquinoline so that the R-form
of said enantiomer mixture may be retained while
enzymatically oxidizing, selectively, the S-form of
said enantiomer mixture;

(b) reducing the products of said enzymatic oxidation
obtamed from step (a) with recovery of the R-form
and the R,S-mixture;

(c) returning said R,S-mixture to step (a); and

(d) repeating steps (a)-(c) until a sufficient quantity of
R-form is recovered.

19. An enzymatically acting composition comprising
as an active substance an effective amount of S-tetrahy-
droprotoberberineoxidase having the following param-
eters:

(a) molar weight: 100,000+ 10% as determined by gel

filtration;

(b) 1soelectric point is 5.7

(¢) catalytic activity occurs at 40° C.;

(d) catalytic activity occurs at pH of 6-10;

(e) Ky value for R,S-corypalmine at 40° C. and pH

8.9 1s 1.3 uMoles;

(f) mtensity maximum of the fluoroescense-emission

~ spectrum 15 520 nm at an excitation wavelength of
450 nm;

(g) complete and reversible inhibition is exhibited in
the presence of a member selected from the group
consisting of acetylacetone and morin; and

(h) prosthetic group flavin. -
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